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groups: anodal (n=16, 5 males) or sham (n=16, 5 males) stimulation. Participants provided written informed consent; procedures were approved by the local ethics committee.
Separate repeated measures ANOVAs were conducted on participants that acquired (Anodal tDCS: N= 12, 5 males, 7 females; Sham tDCS: N= 11, 5 males, 6 females), or did not acquire (i.e., SCR for CS-higher than for CS+ in the acquisition session: N= 4, Anodal, 4 females; N= 5, Sham, 1 male) autonomic signs of fear in response to Pavlovian fear conditioning. Standard tDCS exclusion criteria were applied for participant screening (Supplemental material -SM-for details). The experiment was conducted over two consecutive days, using the same experimental context (time of day, room). For tDCS, rubber electrodes (one anode and one cathode) were covered with saline-soaked sponges (5 × 5 cm). The sponge pocket was saturated with physiological saline solution.
The Anode was placed over the AF3 position (according to the international 10-20 system) targeting the vmPFC [e.g., 5]. The return electrode was placed over the contralateral mastoid process, as in the former study [5] . Real tDCS (2 mA) was applied for 10 minutes. Skin conductance level was measured through a 22 mV rms 75 Hz constantvoltage coupler (GSR Amp, ADInstruments, Australia) with bipolar electrodes positioned over the intermediate phalanges of the first and third finger of the non-dominant hand, sampled at 512 Hz, stored at 64 Hz, and recorded in micro-Siemens (µS). The study employed a standardized differential fear conditioning and extinction task [6] . A colored circle (Conditioned Stimulus -CS) was paired with a 500 ms mild electrical shock (US) inducing a conditioned fear response (CS+) during the acquisition phase, while another colored circle was never paired with the shock (CS-). This was followed by an extinction phase where no shocks were delivered, and the CS+-dependent SCR amplitude was expected to diminish accordingly. On Day 2, participants repeated the extinction phase to determine return of fear. Real or sham tDCS was administered during fear extinction learning. See figure 1a for details concerning experimental procedures.
Squared root transformation was applied to raw SCR data to reduce variability in accordance with previous studies [i.e., 5] . For participants that acquired fear, in the extinction session the stimulus x group interaction term showed a trendwise effect Figure 1b ). Finally, the group x block x stimulus x trial interaction was significant [F(4,64)=2.698, p=0.038, h p 2 = 0.144]. Post-hoc comparisons showed a significant difference for trial n 5 of the early block of the sham group (p< 0.05). No significant results emerged in participants that did not show fear acquisition (see SM for details). Vertical bars denote +/-standard errors (more details are provided in SM); c) The figure shows results of electrical field simulation with electrode positions based on previous studies with positive [5] and negative [7] results on fear extinction learning. Current flow is associated with placement (top figure) of the target electrode over AF3 (return electrode placed over the contralateral mastoid) and (bottom figure) over FPz cortical target (return electrode over the occipital lobe). The results for AF3 shows stronger electrical fields at the level of the amygdala, and vmPFC, which are strongly involved in fear extinction [3] , compared to FPz results. Overall, tDCS over the left vmPFC appears to reduce the sympathetic component of fear reactions in extinction in participants that acquired fear responses during fear acquisition.
In the Sham group, participants show higher SCR for CS+ trials, as compared to CS-trials, in both, the extinction and recall sessions. This suggests that in the Sham group CS+ trials continued to be perceived as a threat. By contrast, no SCR difference was detected between CS+ and CS-trials in the Anodal group during the recall session, and trendwise in the extinction learning session, in line with [5] . Therefore, tDCS had a facilitatory effect on consolidation of extinction, as compared to initial extinction learning.
In conclusion, our results corroborate and also extend those provided by van 't Wout et al. [5] , as we showed that prolonged tDCS, as compared to the former protocol, facilitates fear extinction consolidation.
In another study [7] , which applied 1.5 mA anodal tDCS for 20 minutes over the mPFC during fear extinction, the authors reported however a generalization of fear expression to the neutral stimulus in the respective recall session. Substantial differences in the adopted protocol such as the paradigm to induce fear conditioning, number of trials, stimulation parameters, including electrode size, position of the anodal target and the return electrodes, and the position of the target electrode over FPz instead of AF3 might explain outcome differences, as compared to the results of the present study, and those reported by van 't Wout et al [5] . According to our modeling results (Figure 1 c), the latter [7] might have resulted in less activation of the vmPFC, and amygdala, which are both crucial for extinction learning [e.g., 3], compared to [5] . 
Supplemental Material

Materials and methods
Participants
Thirty-two healthy participants aged 18-35 years were recruited from the University of Tasmania by online advertisements. First year psychology students who participated received two hours course credit, other participants were given $25 vouchers for their time spent and travel expenses. They were randomly assigned to one of two sub-groups: anodal (n=16, 5 males) or sham (n=16, 5 males) stimulation. Two participants withdrew during testing due to high levels of distress with respect to the electrical shock conditioning stimulus. SCR data of two participants were partially missing (one participant from the anodal tDCS condition at day 2, and one participant from the sham stimulation session at day 1), due to issues of SCR recording. Moreover, one participant of the Sham sample had an outlier signal (> 3 SD) in the habituation and acquisition blocks. Therefore, we decided to remove these data from the analysis. Finally, for each sub-group (anodal, sham), we excluded participants that did not show fear acquisition. The data of these participants were subject of a separate analysis, and served as control for our experimental manipulation. Therefore, separate repeated measures ANOVAs were conducted on participants that acquired (Anodal tDCS: N= 10, 5 males; Sham tDCS: N= 9, 4 males), and did not acquire (N= 4, Anodal; N= 5, Sham, 1 male) autonomic signs of fear in response to a Pavlovian fear conditioning paradigm. Demographic information of all participants is provided in table 1.
Standard tDCS exclusion criteria were applied for participant screening. Participants were excluded from the study if they met any of the following criteria: intake of psychoactive medication, presence of a metal object/implant in their brain, skull, scalp, or neck, implantable devices (e.g. cardiac pacemaker), any neurological or psychiatric diseases, epilepsy or cardiac disease, history of traumatic brain injury, pregnancy, consumption of high amounts of alcohol or high levels of psychological distress (DASS-21, [1] ).
Participants were asked to abstain from alcohol consumption at least 24h prior to testing and caffeine and nicotine 1 hour before testing as well as to avoid high intensity exercises at least 1 hour prior to testing.
Questionnaires
The Depression Anxiety Stress Scale 21 (DASS-21, [1] ). The DASS-21 was used to determine psychological distress. DASS-21 is a 21 item self-report questionnaire that is designed to measure the severity of an individual's distress level across three domains (depression, anxiety, and stress). When completing the DASS-21, the individual is required to indicate the presence of symptoms pertaining to these domains over the past week (e.g. I tended to over-react to situations). Each item is scored from 0 (did not apply to me at all) to 3 (applied to me very much or most of the time). Higher scores are positively correlated with higher levels of distress. No group differences were detected and the scores were within the normal range. Table 1 . Demographic characteristics of the participant groups.
The Alcohol use Disorders Identification test (AUDIT, 2). The AUDIT is a validated ten question test designed to assess whether a person's alcohol consumption is harmful. The
AUDIT has a high test-retest reliability with a Spearman correlation coefficient of 0.88 and good internal consistency with a Cronbach's alpha of 0.85 [2] . This test was used to eventually exclude participants with excessive alcohol consumption. process, as in the study by van 't Wout et al. [3] . Figure 1 shows the placement of the electrodes over the scalp. Real tDCS (2 mA) was applied for 10 minutes. Previous studies have shown that this intensity of stimulation is safe in healthy volunteers [4] . For sham stimulation, current was ramped up (30 s) and then immediately ramped down (30 s), and then maintained at 0 mA. Participants were blind to the stimulation condition.
Skin conductance
Skin conductance level (SCL) was measured through a 22 mV rms , 
Unconditioned stimulus expectancy rating
During each 12 s stimulus presentation, participants were asked for their unconditioned stimulus expectancy rating (USER) on a -5 vs. + 5 visual analogue scale (-5 "certain no electrical stimulus"; + 5 "certain electrical stimulus").
Fear conditioning/extinction paradigm
The study employed a standardized differential fear conditioning and extinction task [5] , in which a colored circle (Conditioned Stimulus -CS) was paired with a 500 ms mild electrical shock (US) inducing a conditioned fear response (CS+) during the acquisition phase, and another colored circle, which was never paired with the shock (CS-: the safety signal). The electric shock was delivered over the first interosseous muscle of the dominant hand, and set to a level considered "highly annoying, but not painful" for each participant prior to the task [5, 6] . The conditioned fear response was extinguished in the extinction stage, in which the colored circle (CS+) was no longer followed by the shock. Skin conductance Response (SCR) amplitude was the dependent variable reflecting the acquisition and extinction of conditioned fear responses. This task comprised three stages: habituation, acquisition and extinction. On day 1, the habituation stage (duration 4 minutes) involved presentation of the two-colored circles (trials n 8: 4 CS+, 4 CS), which were shown each for 12 s on a computer screen without electrical stimulus application in randomized order.
After a short break, participants were prompted to start the fear acquisition stage (duration 7 minutes) when ready. The acquisition phase involved presentation of 7 CS+ trials (5 of which were immediately followed by the electrical shock in an 83% partial reinforcement schedule), and 7 CS-trials, which were never followed by the shock. After the acquisition phase, participants rested for ten minutes. During the ten minutes rest period, the tDCS equipment was installed.
Following habituation and acquisition, extinction was implemented, which consisted of two blocks, early and late extinction (duration 10 minutes). Extinction training involved presentation of 5 CS+ and 5 CS-for each block repeatedly in the absence of the electrical shock.
Timeline of the experimental procedure were removed from analyses, as the Unconditioned Stimulus (the electrical shock) had not been encountered at this stage, and no fear learning was expected [6] . Finally, we compared SCR for the recall session of the Anodal and Sham groups with respect to their baselines (i.e., SCR recorded in the Habituation session). This analysis was provided to explore whether any absence of a difference between CS+ and CS-SCR in the recall session of the Anodal group can be interpreted as a "generalization effect" of fear for the neutral stimulus.
Analyses were identical for both, the SCR and USER data. Tukey post-hoc comparisons were conducted in case of significant results of the ANOVAs. The SCR amplitude was determined by subtracting the baseline of 2 seconds prior to CS presentation from the highest skin conductance level during each CS presentation. This is a standard procedure described in the fear extinction literature [6] . A critical alpha level of α = 0.05 was used for all tests of statistical significance. Partial-eta squared (η p 2 ) are reported as effect sizes for the mixed-model ANOVAs.
Results
Demographics
The results of the respective two-tailed t-tests and chi square tests document no significant differences between groups for age (p=0.798) sex (p=0.999), and the three DASS-21 subscales depression (p=0.362), anxiety (p=0.508) and stress (p=0.328). Finally, the AUDIT score did not differ between groups (p=0.683).
Skin conductance response signal
Participants with fear acquisition P=0.739 Table 5 . F and p-levels of the ANOVA results (main effects and interaction of USER comparisons) associated with habituation, acquisition, extinction and recall stages are shown. The asterisks indicate significant results. NA indicates "not available".
Modelling outcome
The induced electric fields (EFs) were calculated using ROAST [8] , an open-source pipeline for tES modeling (available at www.parralab.org/ roast/). ROAST employs SPM12, iso2mesh, and getDP for segmentation of MRI, finite element meshing, and solving the finite element model to estimate the EF distribution in the head. Simulations were performed on the MNI-152 standard head [9] . Two stimulation protocols were modelled: one with 5×5 cm electrodes over FP1 and the right mastoid, with 2 mA current intensity, and the other one with 5×7 cm electrodes over AFPz and OIz (10-05 EEG electrode positioning system), with 1.5 mA current intensity. Table 6 . Mean of electrical field for FPz (return electrode over the occipital lobe) and AF3 (return electrode over the contralateral mastoid. For more details see [3, 7] .
